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<^<5l-c>l^(MIM) ?lsflAlE^o^ ;^i^w^vi^^ ^J-'^^ tiV:£^l7l^ ^^o]] 

^ ^4 P}:^.^^ ^>-§-^l-<^ 4>7l Bis] A>S|.P^ ^ ^y] ^^^^^^ ^^2^0.^ ^Z]-^>0^ 

^71 ^^afl-as] ^^6\] ^ 

£ 3 
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o-^^^l:^ ^^^l^i ^IS^J-'^i fabrication method of a metal-insulator-metal 
capacitor} 

[^^^^ ^^1 
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#El^El§^V^ ^^2] <i^E] ^^X\ ^7}S. ^ 9X^. ttl■e^-, ^71 5^SflAlE-l2l ^ 

7l^<?l M-^^o] ^s^-€ ^ oXv^, c]6\] D^^V^, ^7] ^^s-ofl ol7>5]^ ^^g-^ 

a7l(magnitude)^l ^^f^i ^^7] ^IsflAjE^^ Ir^^tb ^J^-§-^^ -^^ ^ ^4. ^ 
71 ^V*>^ ^^■i-'^l n^^ Ir^l-lrS. ^-^^^ ^^^^JL ^7] ^^^^^] 

^*a-(negative volt age) c>l <?l7]-sl^. ^7] ^}^^^$] ^^-i-Choles)*^! -^7l^cf. 

^1^1 *]-^^^^ S^'^l ^^#(depletion layer)^! ^^^^ ^ $X^. ^7] 

a.7l(magnitucie)<^l 4^ ^^j-tlrt^. ^7] 7]s^X\b\2] 

^-§-^( capacitance)^ ^7] ^7>£l^ 3.7]d\] vc^B]- ^ ^Icf. n^-el-Al , 

(MIM; metal-insulator-metal) 7l3l)AlE^7> >ll<^^ w> SJ^t^. ^7] <^oVol<^ THsflAlE^ ^ ^ ^1 
S.^^'^o] ul^s-^ ;5fl6,259,128^*Hl "^e^ cf^V^ ^tt ^^-^"^l^l-^^ ^^^1^1 ^ 

^ ^-^^ '^'^ (metal- insulator-metal capacitor for copper damascene process and method of 
forming the same)"<^lsl-^ ^l^^S. ^fll-sl ^(Adler et al.)<^l ^*fl 7flAl^ m} ojcf 

£. 1 ^ £ 2fe- ^7] nl^s.^ ^16,259, 128:&<H1 7flAl^ «^c5>ol<^ ^3i(|AlElcq 
^^*>7l ^^S^^lcf. 

£ 1^ ^S^V^, ^i^]7l^(l) ^c]] ^^^c^v^iS)^ ^7] #:?l:^<?^Bl-(3) 

#4^^ cf^>^ 7]#^ ^>-g-*><^ ^11 ^ ;*112 ^&lyfl^*(5a, 5b)^ ^^^tb^^f. ^7] 
^-i-(5a, 5b)^ «]:£^l7l^^ >a-<^l ^E|$ ^^^(7)* -^"71 

^H7)# ^Bi^s:H ^7] ^el«ll^(5a)^ ^7] s^e]^^ ^e^^ :^^^(7)-^ 
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-B-^^fl^(15), ^12 «flsl<H5]-(i7). -^^-^^^^Cig) ^ ^12 tillB]<H^(21)^ ^^H^ 

S. ^^^%r:^. <5l^^i. ;5)12 ^W^o]^i21) iSdl^l^iB 3n€(23)# ^^^tttq-. 

^^7] 3fl€(23)^ m ^sltill^(5a) ^^1^>£^ ^^J^^^. 

^^<^n(21), ^J-^^^^(19), ^12 Bflel^^(17), -^-^^1^(15). ^11 ^1-^ tifls]^^ 
(13), ^V-^^^^Kll) ^ ^11 Bfls]ol^H9)^ ^^^^S ^^B-H ^7l ;^ll ^e|til]^(5a) 
4 ^71^0.5. ^o}o]c^ ^n^]^]{25m ^m^] ^(Adler et al.)<Hl 4^^, 

^11 *>^tifl5l^4 4€(9a). *>^^^(lla), ;^ll ^4 wflB^o]^ 4^(13a). -^^^14 4€ 
(15a). m tiflsl^^ 5||^(17a), ^^-^€^(193) ^ ^12 'g"^ tiflBl<H^ n^(21)^S. 

^l^^^i, Aj-7i ^s.efl^l.iiE^ 3fl^(23)# «^fl^^^^ (ashing process)^ >^>-§-^H ^l^tt 

^'^rl- ^-B-^m ^^h-i-^-^^ ^>-§-«^><^ (photoresist residue) ^ l-el^ 

(polyraer)l- ^l7l^>7l ^tt ^^(wet strip process)*^! ^7>^ ^^1^4. ^^lem, 

^o^7l^V Wl-Sf ^O] ^7] <^o}o]c^ ^^X\B\i25)7} ^2^^^^^ A>^^H ^^^^1^ ^^^] , 

^7l ^s^i^Hfe ^5^^51x1 ^^4. olofl i4e^, >^7l ^]^^^ ;^16,259,1285L«^1 4^^, S 

J£.2^1^1:iiH 3fl^(23)^ 47]^}7] ^tb ^11^ ^<^1 ^^^^l 
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5lHfl^(5b)5] ^71 3i|Hlroll ^l<^^i. ^7l 

(23)# :^l7l^>7l -^fl^ ^-§-^>^. -^-7] ^^v^^(5b)^ '^'^l- 

o] ^12 ^sltiflAi(5b)o^ AV^^ ^y] ^e|tiflAi(55)o^ ^2l^%>(volume 

expansion)^ -^-^^1^4. ^7] 3i)Bl-^ -f-^}*^ ^7l >5fl2 wfl'JiKSb)^ 

•^^l-C oxidized regions)*^! -^^S. l-#€i=1-. ^^71 «:>fl^ ^ofl ^ .^71 ^:^^o] 

o]^, ^7] M^'B-^ ^S^^^ #sl°1» ^1^^>7l ^^olcf. ^7l 

;H12 ^Blwfl^(5b)^ ^S^^ '^g^*^ ^iT^^cf. n ^4, ^7] m 

<i2> ^^^o.^, >^7i <^o}o]<^ ^n^]m25m m]'^ ^^m^] ^<hi 

<13> nem, ^16,259, 128^<^1 4^^^. 471] wfl e] c:>l , 27]^2\ ^^^^ 

» ^^^^>7l ^Bi7V^l Alz]--§-6flS.ol A^^Cf. =L ^i)-, ^^-71 

-S-<L>. ^1^3. ^7] 5LJ£5ll^l^H n^^] 7M^]^ -^'^■(burden)^! ^7> 

^cf. :§_Ji^^o_^, ^7] S.^^]^]d^^ n^o] ^7] ^^^^ el^^slT^M- 
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<15> 7]^^ 4^11- 0l^7| ^ o. .^ol.ol<§ TSsflAlE-l^ ^l^r^J*'^^ 

^l^^i^. ^] l^'S^ ^:£^l7l^ '^Hl ^^^^(bottom metal electrode layer)^ 

^^tifl^Cmetal interconnection line)^ ^^^*>^ i^tt^. ^^^1 ^^«fl^^ ^fe 

^oHl ^<a^^# ^^^^1=1-. ^1-71 ^<^^ ^Hl ^1-^ ^^^^^i-(top metal 
electrode layer) ^ tH^l -yr^j-B^-C buffer oxide layer)^ ^MS. ^^^^}JL, ^7] tJl5s| 

^^^^^^ ^>-§-*H ^^^T=\-. <^H^i, ^7l iSeflxl^iH n^-i: ^iTl^cf. 

^^^^m w>#^*Vi:^. ^7l ^^Hfl>$dol ^el^-^s. M^^^^ ^4-<H], ^7l -B- 
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^^^^^^ ^4^^^ 1-^(HF; hydrofluoric acid) ^ ^^JrCHNOs)^ ^^-§-^ 
(mixture)^ ^^l^l"^ ^<=>1 wV^^^V^. (alternatively) , -^^-t- ^ 

afe ^>-g-*H ^z1-*>^ ^71 3|-^^^^(H202)1- ^} 

7l ^tb ^^:£*<^lcl-. 

<21> £ 3^ ^^^>^, ^£^171:^(51) ^<H1 #^^^^(53)^ ^^j^Cf. -^71 f'^^^B^- ifl 

<=>11 i=f^V^ 71^^ ^>-g-^>^ ^11 ^ ^12 ^^tiB^l-(55a, 55b)^ ^^^tbcf. <^7]^^^ , >^ 

7] ;^12 ^^Bfl^(55b)^ ^ ^^^1 <^<5H<^ ^IsflAlBlo^ ^>^^^^ ^1:^ 

^^Hl]^#(55a, 55b)^ ^Bl^^o.^ ^^^^ ^ SX^. ^^7] ^^wfl^l-(55a, 55b)^ 
^171:^51 ^j-oll ^«lsi-(57)^ ^^^^trf. ^71 ^<a^(57)^ ^7] ^^«ll^l-(55a, 55b) vfl 

^7] -^^wfl^l-CSSa, 55b)ol ^El^^S ^^^5]^ ^4-^1, -^7] ^<d^-(57)^ ^5^^ 
(SiN), ^s]^ ^5l-^KSiC), ^H]^ ^V^5|-^(SiOC) lt^5|-^-(SiCN)4 -^^ 
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<22> ^7] ^<?^^(57) ^<^] ^#^^^(59) Hl3Jl <0:2|-°^-(61) ^ ^>^1 

^ ^^^tlri^. ^7] #^^^^(59)^ ^^^(TaN). ^^^mia). ^o]t^^ ^s^- 

Sl-(TiN) iE^ E]-o]Bl-^nl.(xi)0.^ ^^^W. o]9^^ ^7] #^^^^(59)^ ^^^^ 

B]- ^^^^ ^^^O^S. ^^^^ ^£ 9X^. ^7] W]^ ^^^(61)^ AV^n]- 

(chemical vapor deposition oxide layer; CVD oxide layer)^5. ^^^^Vfe- ^<^1 ^V^^^l-'^. 
^V7l n\it\ ^s^^m)^ ^^7] S.^i]]^]^B.^ ^ ^7] #^€^^H59) ^\o]^ ^3}-^ 

(adhesion)-a: ^^^-a]?]^ <^^^ ^r^. o]o]a^^ ^7] S.^i\]^]^:^n^ ^>^^^^^ ^>-g-^H 
3flBl^^>c^ ^7] ^12 ^#«ll>a(55b) ^^<H1 sfl€(63)# ^^^tti^. 

<23> £ 4* ^S*>^, 3LS.5ll^li^iS 3|1^(63)^ ^4 v}^^3,s. A>-g-*>o^ >^7l wl3t) -a- 

Sl-^q-(61) ^ ^^^^^(59)^ 01^^ o.^ ^^^\'^ ^7] ^12 ^^wfl^(55b) ^■^<^1 

^o^-^ ^^^^(59a) ^ ttl^H ^V5]-BV 3i)]^(61a)^ ^^^tbcf. ^^-71 
^^(59)<^1 ^2l-^(TaN), ^l-#^-(Ta). e1-o]b1-^ ^2|-^(TiN) Sfe Bl-olB^-^^di)^ 

S ^^^^^ ^7l v]^ ^^n(61) ^ ^71 >a-^ ^^€^^(59)^ lr<4: ^ ^^>fil ^ 

^ -g-'5fl^ A}-g-^H ^^^^*V^ ^<=1 «>^^^>i=1-. l-^> ^ ^^>^ ^^-§-^-^^ ^71 ^ 
5}-^H61)^'?]: o>u|el- lirl-f- ^5l-^(TaN). ^^#^-(Ta), b^-oIe}-^ ^5l-^(TiN) ^fe Bl- 
<5lHl-^^(Ti)^ ^^^^ ^511.2^-2.^, ^7l wisl 3^^(61a) ^ ^ 

#^^(59a)^ l^s] ^<J^<ii4 A>-g-^H (using a single wet etching step) 

<24> olsq.^ ^^^^^(59)^1 ^^>i^^(W) ^^^-(tungsten 

nitride layer; WN)-2.S. ^-^^^Ife ^-y-^ , ^7] ^^^(61) ^ ^7] ^^^^^(59) 
^ 22)0] ^z|cf7jis.(two etching steps)^ ^]-§-*>«^ ^ 9X^. ^^l^^S., ^^-71 w^ssl 
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-LVsl-^Cei)^ ^>-g-*H ==r ^7] #^^^^(59)^ ^7] m 

^^^^4^ m ^^"E-^-^ ^>-§-*H ^ 9X^-. ^ ^7] ^11 ^ 

^^^^^ ^^^^ ^V-e-^V^^ ^ ^^<^1. ^1-7] ;^12 ^ 

z^-^^^^ 32).A>2^^^(H202)1- A>^^]-^ ^-^-i^^ ^^^^ ^>-g-^l-<^ ^^l^m 
^1 ^-^-'^ll, ^7] ^z^-^^o.^ ^^^^ l:^V(hydrofluoric acid: HF) S 

^ ^Sj-e]- <J=]^-g-'2fl (buffered oxide etchant; BOE)^ ^-Br "^s^^ oxide 
at chant )^ ^>^^l-<^ ^t:^. 
<25> o.^, ^>^^^(59a)# ^^^^>^ ^9} 151 2sl^ ^^^^ ^^ll:(a 

single wet etching step or two wet etching steps)^^] ^-g-^T^V. iij-sl-, ^2fl^ 7l^ofl 

al^H ^^^^(59a)^ ^^^^^ ^7] 5L:£efl^l^H 3|1^(63)<>11 7l-tfl^l^ 

(burden)^ ^7;\^ ^^^^1^ ^ oicf. ojoil c-^^H, ^c^S ^7] ^J--^ ^^^^^"(59)^ 
^V-S-^V'^ o]<=^] ^7] ^'a^(57)<Hl ^^(dry etch 

damage)<^l 7M^]^ e^^o.^ ^^^m ^ 4^1 . ^7] ^^^i-(57) ^fl«^l ^ 

H*(pits)<>l ^-^^s)^ ^ ^4. 

•^l^, ^^^^ ^7l >a-^^^(59a)^ ^^^^m ^7] ^-^l^CS?) ifl<^l o^ttlth 21 

^^^£1^1 ^7l xtflS-olcf. 

^>-g-*H ^^^^cf. i4e1-^i. ^7l ^^^^>^ ^'?>. nv^as. Af-g-s)^ ssefl 
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1] 

-^71 Ssell^l-B ^Bj^ ^ 

^7] 47]^}^ i^^].^ <goH«3 ^^iflAlEl 

2] 

#^>l^n. ^^^.^^ ^^^^ .^^ ^ 

# t}^ ^<^}o]<^ T^sflAlEl 

r^^^«j- 3] 

^71 ^#3^11^ ^Bl--!--^ ^.^^1-^ ^:^os. t}^ cQ.H^J ^^zflAlEl ;^]^«^^. 
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[^^^^J- 41 
^1 1 

^^^^■^ ^^^S. ^>fe «So>ol<3 n^^]^] ^ISIj-'^. 

L^^^^J- 5] 

^S^^ ^^5l-mSiCN)^S. ^'^^^l-^ ^^-^^ <S<5H*^ 
6] 

^1 1 ^'H^i, 

s ^^^^m ^^^s. <^6)-oi<s ^l^iyj-'^. 

[^^*^ 7] 

^f-g-^H ^^l^m <^<5H<^ T^sflAiEi 

81 

-^1-^ ^^^^^^^ ^^^n ^^^jo^ ^^^^>^ ^^i-^s 

<aol-ol<^ 7]^X\B\ 
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